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Method for the preparatxon of molecular complexes 

The present invention relates to a method for the 
preparation of soluble molecular complexes by the 
5 technology of dense fluids under pressure, in 
particular that of C0 2 . 

High-value-added novel pharmaceutical molecules are in 
40% of cases insoluble or poorly soluble in water, 
10 which hampers their bioavailability- Increasing the 
specific surface area of powders makes it possible to 
improve their rate of dissolution. 

Now, the bioavailability of active ingredients may be 
15 considerably increased if their rate of dissolution is 
improved. 

In the pharmaceutical, cosmetic and nutraceutical 
fields, a number of patent applications, patents and 

20 publications exist which relate to the formation, in a 
medium under pressure, of molecular complexes of an 
active substance in a coating substrate. Nevertheless, 
most of the methods described do not relate to the 
objective of improving the bioavailability, but rather 

25 the adsorption, of an active substance on a substrate. 

Bertucco et al. (Drugs encapsulation using a compressed 
gas antisolvent technique - Proceedings of the 4th 
Italian Conference on Supercitical Fluids and their 

30 Applications 1997, 327-334 - Ed. E . Reverchon) describe 
a method in which the active substance is suspended in 
a solution of biopolymer playing, the role of the 
support. This suspension, placed in the autoclave, is 
then exposed to supercritical C0 2 in order to desolvate 

35 it (extraction of the solvent with supercritical fluid) 
and bring about the complexing of the support by super- 
saturation on the active substance. This method is a 
batch method in which the active substance is not 
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precipitated by the supercritical fluid since it is in 
suspension. The structure of the particles of active 
substance is therefore unchanged, which does not 
contribute toward improving its dissolution in an 
.5 aqueous medium. 

A similar method is described by Benoit et al., in 
their patent application WO 98/13136. 

10 Another technique for deposition of a support consists 
in solubilizing said support in the supercritical 
fluid, and then in precipitating this support on the 
active substance. To do this, the active substance and 
its support are placed beforehand in the stirred 

15 autoclave, and the injection of supercritical C0 2 
solubilizes only the support (this . implies that the 
support is soluble in the supercritical fluid and that 
the active substance is not) , which is precipitated by 
modification of the pressure and temperature inside the 

20 autoclave. In this case, the initial structure of the 
active substance remains unchanged, and it is difficult 
to control the active substance/support ratio obtained 
in the complex precipitated. This batch method is 
detailed in patent application EP 706 821 by Benoit 

25. et al. 

The microencapsulation method described by Shine and 
Gelb in their patent application WO 98/15348 consists 
in : 

30 1. mixing an active substance with a polymer for 
encapsulation, 

2. liquefying the polymer by passage of a stream of 
supercritical fluid, 

3. rapidly depressurizing so as to solidify the 
35 polymer around the active substance. 



This method is 
and a polymer 
fluid. Because 



only applicable with an active substance 
which are insoluble in the supercritical 
of this, the active substance preserves 
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its original structure, which does not contribute 
toward improving its bioavailability. 

In patent application FR2798863 by Perrut and Majewski, 
5 the active substance (kava-kava, turmeric, mixture of 
black pepper and sweet paprika) , extracted beforehand 
with supercritical fluid, is precipitated in an auto- 
clave containing a porous support. The porous medium 
studied is maltodextrin . The authors claim a method for 
10 adsorbing the active substance on a porous medium, and 
not a phenomenon of diffusion of the active substance 
in the host molecule, making it possible to improve the 
dissolution of the molecular complex obtained. 

15 A method for impregnating pharmaceutical active agents 
is claimed in patent application WO 99/25322 by Carli 
et al. It is as follows: 

1. solubilization of the active ingredient with a 
supercritical fluid, 
20 2. bringing the supercritical fluid containing the 
active ingredient into contact with the 
crosslinked polymer, 
3. impregnation of the crosslinked polymer in static 
or dynamic mode, 
25 4. elimination of the supercritical fluid. 

Only active substances soluble in the supercritical 
fluid may be prepared by this method, since the first 
step consists in extracting the active ingredient with 
30 the supercritical fluid. Moreover, the method is not a 
method for inclusion but for impregnation on a support, 
and no result is given relating to the improvement in 
dissolution, in an aqueous medium, of the active 
ingredient thus prepared. 



35 



Van Hees et al. (Application of supercritical carbon 
dioxide for the preparation of a Piroxicam-/3-cyclo- 
dextrin inclusion compound, Pharmaceutical Research, 
Vol. 16, No. 12, 1999) describe, in their publication, 
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a method for the inclusion of piroxicam in (3-cyclo- 
ciextrins with supercritical C0 2 . Piroxicam being poorly 
soluble in water, its inclusion in p-cyclodextrins 
should make it possible to increase its solubility in 
5 water. The method consists in placing a mixture of 
piroxicam and p-cyclodextrins in a reactor, left in. 
static mode. After depressurizing, the mixture obtained 
is ground and homogenized before characterization by: 

DSC (Differential Scanning . Calorimetry) , 
10 • measurement . of solubility in acetonitrile and 

comparison with the solubility of piroxicam alone, 

and 

spectroscopic methods. 

■15 DSC analysis makes it possible to conclude as to the 
complexing of piroxicam with p-cyclodextrin . 

Kamihira M. et al. (<J. of Fermentation and Bio- 
engineering, Vol. 69, No. 6, 350-353, 1990) describe a 

20 method for the extraction of volatile aromatic 
compounds, and for trapping by inclusion in 
cyclodextrins . Geraniol and mustard oil are thus 
extracted with a supercritical fluid and then vaporized 
in dynamic mode in a second reactor containing hydrated 

25, cyclodextrins. The influence of the various parameters 
is studied by measuring the level of inclusion of the 
aromatic compounds in the cyclodextrins. The inclusion 
step is performed in dynamic and nonstatic mode. 
Moreover, the application claimed by the authors is 

30 quite different since it involves the attachment of 
volatile molecules by inclusion. Finally, this method 
is not used with supercritical fluids but with gases 
under pressure. 

35 Finally, international application WO 03/030867, filed 
in the name of PIERRE FABRE MEDICAMENT, relates to a 
method for preparing compounds for interaction of an 
anilide derivative with a porous support, necessarily 
comprising the following steps: 
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a) mixing the anilide derivative generated with 
supercritical fluid and the determined quantity of. 
porous support, 

b) carrying out a molecular diffusion step by 
5 bringing a supercritical fluid into contact/ in 

static mode, with the mixture obtained in step a) , 

c) washing the compound for interaction obtained in 
step b) with a stream of supercritical fluid, and 

d) recovering the particles of the compound for 
10 interaction thus formed. 

It should be noted that step c) for washing carried out 
in a supercritical medium is essential since it makes 
it possible to remove the residual solvents and 
15 participates in improving the solubility of the active 
ingredient. 

However, all these methods seem difficult to use for 
preparing inclusion complexes on an industrial scale. 

20 

Surprisingly, the inventors of the present application 
have discovered that a method comprising a step of 
molecular diffusion with a dense fluid under pressure, 
in static mode and free of the subsequent washing, step 
25 with the aid of a supercritical fluid, significantly 
improved the level of inclusion as a function of the 
quantity of diffusion agent added to the medium. 

Thus, the present invention relates to a method for the 
30 preparation of soluble molecular complexes comprising 
one or more active substances which are poorly soluble 
in an aqueous medium, included in one or more host 
molecules, characterized in that it consists, with 
limitation, of the following steps: 
35 (a) bringing one or more active substances into 
contact with one or more host molecules, 
(b) carrying out a molecular diffusion step by 
bringing a dense fluid under pressure into 
contact, in static mode, with the mixture obtained 
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in step (a) in the presence of one or more 
diffusion agents, 
(c) recovering the molecular complex thus formed. 

5 The expression "dense fluid under pressure" is 
understood to mean, for the purposes of the present 
invention, any fluid used at a temperature or a 
pressure greater than their .critical value. 
Advantageously, it is pure C0 2 or C0 2 mixed with an 
10 organic solvent conventionally used by a person skilled 
in the art. 

The expression. "active substance poorly soluble in an 
aqueous medium" is understood to mean, for the purposes 

15 of the present invention, any active substance which is 
poorly or not soluble in an aqueous medium and having 
in particular a solubility of less than at least 
20 pg/ml. In particular, it may be a pharmaceutical 
active agent (there may be mentioned by way of example 

20 analgesics, antipyretics, aspirin and its derivatives, 
antibiotics, anti-inflammatory agents, antiulcer 
agents, antihypertensives, neuroleptics, anti- 

depressants, oligonucleotides having a therapeutic 
activity, peptides having a therapeutic activity and 

25 proteins having a therapeutic activity) , a cosmetic 
active agent or a nutraceutical active agent. 
Advantageously, it is an active substance chosen from 
the group comprising anilide derivatives, 

epipodophyllotoxin derivatives, minoxidil, piroxicam, 

30 valeric acid, octanoic acid, lauric acid, stearic acid, 
tiaprofenic acid, omeprazole and eflucimibe. 

The expression "host molecule" is understood to mean, 
for the purposes of the present invention, any 
35 substance capable of capturing active substances. 
Advantageously, the host molecule is chosen from the 
group consisting of polysaccharides and 

monosaccharides, in particular cyclodextrins and a 
mixture thereof. Advantageously, it is p-cyclodextrin, 
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methyl-p-cyclodextrin, y-cyclodextrin or hydroxypropyl- 
P-cyclodextrin . 

The expression "diffusion agent" is understood to mean, 
5 for the purposes of the present invention, any solvent 
promoting interaction of the active substance with the 
host molecule. Advantageously, this diffusion agent is 
chosen from the group consisting of alcohols, ketones, 
ethers, esters and water with or without surfactant, 
10 and mixtures thereof. More advantageously still, it is 
water. 

The expression "static mode" is understood to mean, for 
the purposes of the present invention, a reaction or a 
method in which all the reagents are brought 
simultaneously into contact and where the reaction is 
allowed to proceed. For example, in step (b) of the 
present invention, the active substance ( s ) , water and 
supercritical C0 2 are placed in an autoclave and left 
to react for several hours. The product mass does not 
change during the reaction. Conversely, in dynamic 
mode, the reagents are supplied as the reaction or the 
production progresses. Often, in the context of a 
dynamic mode, there is circulation of a fluid or 
stirring. The product mass changes during the 
production. 

The active substance and the host molecule are 
introduced in solid or liquid form into a container 
into which the dense fluid under pressure and the 
diffusion agent are injected in judiciously chosen 
proportions. The pressure and temperature conditions 
and the duration of the treatment are defined, by any 
appropriate method, according to the nature of the 
active substance (s) and of the host molecule (s). 

Advantageously, step (b) of molecular diffusion of the 
method according to the present invention is performed 
with stirring. 



15 



20 



25 



30 



35 



- 8 - 



The diffusion agent may be added continuously or 
batchwise in a quantity of between 1 and 50% by mass, 
preferably between 20 and 25% by mass. 

.5 

The time necessary for the molecular diffusion of 
step (b) is determined by any appropriate method. This 
step (b) may be repeated as often as desired to obtain 
a satisfactory dissolution rate. Advantageously, 
10 step (b) lasts for between about 2 and 16 hours. 

The pressure and temperature conditions of step (b) are 
chosen so as to promote molecular diffusion. 
Advantageously, the pressure of the supercritical fluid 
15 is between 5 MPa and 4 0 MPa and the temperature is 
between 0 and 120°C. 

Advantageously, step (b) of the method according to the 
present invention is carried out in a closed reactor, 
20 in particular an autoclave. 

The method may be carried out batchwise or 
continuously. Advantageously, the method according to 
the present invention is carried out batchwise. 

25 

The present invention also relates to the soluble 
molecular complexes comprising one or more active 
substances which are poorly soluble in an aqueous 
medium, included in one or more host molecules, 
30 characterized in that they are capable of being 
obtained by the method according to the present 
invention. 

Carrying out the molecular diffusion step in a dense 
35 medium under pressure in the presence of a diffusion 
agent allows a strong interaction of the particles of 
active substance with the host molecule, which promotes 
dissolution in aqueous medium, which is multiplied by 
about 100 by the method according to the present 



invention . 
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The following examples for carrying out the method are 
given as a guide without limitation. 

5 

Example 1: Minoxidil (active substance) and y-cyclo- 
dextrin (host molecule) 

1 . 1 . Methods for evaluating the level of inclusion 

10 

The level of inclusion of the active substance in the 
host molecule is evaluated by differential scanning 
calorimetry. A temperature ramp is applied under a 
nitrogen stream to the test product with the aid of a 
15 Perkin Elmer DSC 7 apparatus. 

The complexing yield is evaluated by measuring the 
reduction (or disappearance) of the thermal peak 
relative to the active ingredient which has remained 
20 free. 

1.2. Without addition of diffusion agent 

One mole of minoxidil and two moles of y-cyclodextrin 
25 are introduced into a reactor. Carbon dioxide is 
subsequently introduced into the reactor at a pressure 
of 15 MPa and at a temperature of 80°C. The whole is 
kept under these operating conditions for a period of 
two hours. 

30 

After decompression of the medium, the inclusion level 
is measured on the powder collected and is found to be 
equal to 0%. No inclusion of the active substance can 
be observed in the host molecule. 

35 

1.3. With addition of diffusion agent 

One mole of minoxidil and two moles of y-cyclodextrin 
are introduced into a reactor, together with 12.1% by 



mass of diffusion agent (water) . Carbon dioxide is 
subsequently introduced into the reactor at a pressure 
of 15 MPa and at a temperature of 80 °C. The whole is 
kept under these operating conditions for a period of 
5 two hours . 

After decompression of the medium, the inclusion level 
is measured on the powder collected and is found to be 
equal to 45%. 

10 

A second trial was carried out under the same operating 
conditions as above, the only difference being that the 
quantity of diffusion agent added was increased to 
23.1%. 

15 

After decompression of the medium, the inclusion level 
is measured on the powder collected and is found to be 
equal to 62%. 

20 Example 2: Minoxidil (active substance) and methyl-p- 
cyclodextrin (host molecule) 

2.1. Without addition of diffusion agent 

25 One mole of minoxidil and two moles of methyl-p-cyclo- 
dextrin are introduced into a reactor. Carbon dioxide 
is subsequently introduced into the reactor at a 
pressure of 15 MPa and at a temperature of 80°C. The 
whole is kept under these operating conditions for a 

30 period of two hours. 

After decompression of the medium, the inclusion level 
is measured on the powder collected and is found to be 
equal to 17%. 

35 

2.2. With addition of diffusion agent 



One mole of minoxidil and two moles of methyl-p-cyclo- 
dextrin are introduced into a reactor, together with 
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8.4% by mass of diffusion agent (water). Carbon dioxide 
is subsequently introduced into the reactor at a. 
pressure of 15 MPa and at a temperature of 80°C. The 
whole is kept under these operating conditions for a 
5 period of two hours. 

After decompression of the medium, the inclusion level 
is measured on the powder collected and is found to be 
equal to 60%. 

10 

Example 3: Piroxicam (active substance) and p-cyclo- 
dextrin (host molecule) 

3.1. Without addition of diffusion agent 

15 

One mole of piroxicam and two moles of p-cyclodextrin 
are introduced into a reactor. Carbon dioxide is 
subsequently introduced into the reactor at a pressure 
of 15 MPa and at a temperature of 150°C. The whole is 
20 kept under these operating conditions for a period of 
two hours. 

After decompression of the medium, the inclusion level 
is measured on the powder collected and is found to be 
25 equal to 0%. No inclusion of the active substance can 
be observed in the host molecule. 

3.2. With addition of diffusion agent 

30 One mole of piroxicam and two moles of p-cyclodextrin 
are introduced into a reactor, together with 11.8% by 
mass of diffusion agent (water) . Carbon dioxide is 
subsequently introduced into the reactor at a pressure 
of 15 MPa and at a temperature of 150°C. The whole is 

35 kept under these operating conditions for a period of 
two hours. 

After decompression of the medium, the inclusion level 
is measured on the powder collected and is found to be 



equal to 50%. 
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A second trial was carried out under the same operating 
conditions as above, the only difference being that the 
5 quantity of diffusion agent added was increased to 
19.8%. 

After decompression of the medium, the inclusion level 
is measured on the powder collected and is found to be 
10 equal to 92%. 

Example 4: Piroxicam (active substance) and y-cyclo- 
dextrin (host molecule) 

15 4.1. Without addition of diffusion agent 

One mole of piroxicam and two moles of y-cyclodextrin 
are introduced into a reactor. Carbon dioxide is 
subsequently introduced into the reactor at a pressure 
20 of 15 MPa and at a temperature of 150°C. The whole is 
kept under these operating conditions for a period of 
two hours. 

After decompression of the medium, the inclusion level 
25 is measured on the powder collected and is found to be 
equal to 0%. No inclusion of the active substance can 
be observed in the host molecule. 

4.2. With addition of diffusion agent 

30 

One mole of piroxicam and two moles of y-cyclodextrin 
are introduced into a reactor, together with 22% by 
mass of diffusion agent (water) . Carbon dioxide is 
subsequently introduced into the reactor at a pressure 
35 of 15 MPa and at a temperature of 150°C. The whole is 
kept under these operating conditions for a period of 
two hours . 

After decompression of the medium, the inclusion level 
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is measured on the powder collected and is found to be 
equal to 28% . 

Example 5 : Tiaprof enic acid (active substance) and y- 
5 cyclodextrin (host molecule) 

5.1- Without addition of diffusion agent 

One mole of tiaprofenic acid and two moles of y-cyclo- 
10 dextrin are introduced into a reactor. Carbon dioxide 
. is subsequently introduced into the reactor at a 
pressure of 15 MPa and at a temperature of 50°C. The 
whole is kept under these operating conditions for a 
period of two hours. 

15 

After decompression of the medium, the inclusion level 
is measured on the powder collected and is found to be 
equal to 19%. 

20 5.2 With addition of diffusion agent 

One mole of tiaprofenic acid and two moles of y-cyclo- 
dextrin are introduced into a reactor, together with 
20.5% by mass of diffusion agent (water). Carbon 
25 dioxide is subsequently introduced into the reactor at 
a pressure of 15 MPa and at a temperature of 50°C. The 
whole is kept under these operating conditions for a 
period of two hours. 

30 After decompression of the medium, the inclusion level 
is measured on the powder collected and is found to be 
equal to 100%. The inclusion of the active substance in 
the host molecule appears to be complete in this case. 
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Example 6: Omeprazole (active substance) and y-cyclo- 
dextrin (host molecule) 

6.1. Without addition of diffusion agent 

5 

One mole of omeprazole and two moles of y-cyclodextrin 
are introduced into a reactor. Carbon dioxide is 
subsequently introduced into the reactor at a pressure 
of 15 MPa and at a temperature, of 100°C. The whole is 
10 kept under these . operating conditions for a period of 
two hours. 

After decompression of the medium, the inclusion level 
is measured on the powder collected and is 'found to be 
15 equal to 2%. Without addition of diffusion agent, the 
inclusion of the active substance in the host molecule 
appears to be very low. 

6.2. With addition of diffusion agent 

20 

One mole of omeprazole and two moles of y-cyclodextrin 
are introduced into a reactor, together with 20.7% by 
mass of diffusion agent. Carbon dioxide is subsequently 
introduced into the reactor at a pressure of. 15 MPa and 
25 at a temperature of 100°C. The whole is kept under 
these operating conditions for a period of two hours. 

After decompression of the medium, the inclusion level 
is measured on the powder collected and is found to be 
30 equal to 66%. 

Example 7 : Ef lucimibe (active substance) and y-cyclo- 
dextrin (host molecule) 

35 7.1. Without addition of diffusion agent 

One mole of eflucimibe and two moles of y-cyclodextrin 
are introduced into a reactor. Carbon dioxide is 
subsequently introduced into the reactor at a pressure 
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of 30 MPa and at, a temperature of 100°C. . The whole is 
kept under these operating conditions for a period of. 
sixteen hours. 

5 After decompression of the medium, the inclusion level 
is measured on the powder collected and is. found to be 
equal to 0%. Without addition of diffusion agent, the 
inclusion of the active substance in the host molecule 
is zero. 

10 

. 7.2. With addition of diffusion agent 

One mole of eflucimibe and two moles of y-cyclodextrin 
are introduced into a reactor, together with 25% by 
15 mass of diffusion agent (water) . Carbon dioxide is 
subsequently introduced into the reactor at a pressure 
of 30 MPa and at a temperature of 100°C. The whole is 
kept under these operating conditions for a period of 
two hours. 

20 

After decompression of the medium, the inclusion level 
is measured on the powder collected and is found to be 
equal to 60%. 

25 7.3. Dissolution test 

A dissolution test was performed on the products 
obtained in examples 7.1 and 7.2. 

30 After stirring for 2 hours in a 5% sodium lauryl 
sulfate solution, the quantity of eflucimibe 
solubilized from the powder collected in example 7.1 is 
24 pg/ml instead of 22 pg/ml for the initial mixture. 

35 After stirring for 2 hours in a 5% sodium lauryl 
sulfate solution, the quantity of eflucimibe 
solubilized from the powder collected in example 7.2 is 
160 pg/ml instead of 22 pg/ml for the initial mixture. 
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All the results given above show the major importance 
"of "the — addition of a diffusion agent in order to 
improve the level of inclusion of the active substance 
in the host molecule and consequently the dissolution 
5 in water. 



